INTRODUCTION
Physical forces influence cell's development, cell's function and cell's fate but they also can induce pathological transformations (Butcher et al, 2009 ). Among other techniques (Hochmuth, 2000; Thoumine and Ott, 1997; Yamada et al; Valberg and Albertini, 1985) , atomic force microscopy has been used to mechanically characterize adherent living cells (Kuznetsova et al, 2007) . The non-rheological (Alcaraz et al, 2003; Mahaffy et al, 2004) approach consists in applying a local normal load on the cell surface. The load is exerted by a micromechanical cantilever that is brought to contact the biomaterial's surface through the cantilever tip, usually a pyramid, a cone or a bead attached to its free end. The force is monitored together with the sample's indentation, and the resulting force-distance curve is analysed in terms of elastic contact mechanics obtaining the Young's moduli of the material. The model of Sneddon, which takes into account a conical tip impinging on an elastic semi-infinite space (Sneddon, 1965) , together with the Hertz model for spherical tips (Hertz, 1885) are mostly used. In this approach the tip-cell adhesion is assumed to be negligible and the experiments are made under deformations not larger than 10 % (Dimitriadis et al, 2002) .
However, the models do not take into account, for example, the fact that on living cells (and other viscoelastic biomaterials) the force-indentation curves may vary with the loading rate, the indentation or the applied load (Bremmell et al, 2006; Li et al, 2008; Zhao, et al, 2006) . Thus analysis according to an elastic contact mechanics model would lead to Young's moduli that may depend on loading rate and applied load; therefore a new approach might be needed to characterised the mechanical properties of biomaterials.
In this short paper we present a (theoretical) unified method to obtain the viscoelastic parameters on living cells or other biomaterials from stress relaxation and creep compliance experiments using the atomic force microscope. This methodology, together with the already reported STREM (Moreno-Flores et al, 2010) , aims to define an unified experimental framework to address the heterogeneity and viscoelasticity of biomaterials through scanning probe microscopies.
GENERAL METHODOLOGY
Force & height-time curves. Measurements were carried out on different breast cancer cells (MCF-7) with a Nanowizard II (JPK Instruments, Germany) coupled with a transmission optical microscope (Axio Observer D1 Zeiss, Germany).
Uncoated SiN cantilevers of nominal spring constant of 0.06 N/m (MLCT, Veeco Instr., USA) can be used. The cantilevers were be cleaned in acetone and ethanol to remove impurities and their spring constants evaluated by the thermal method.
Individual force-time curves were be recorded on different parts of the sample at different speeds and loads. The AFM was kept in contact with the cell surface (e.g. for 2 seconds) at constant force and at constant height to obtain the stress relaxation and creep curves, respectively. ). This offset is obtained by fitting the relative displacements to a power law of the form Δl 0 (rel) = Δl offset +K·L 0.5 . This approach assumes that the force is directly proportional to the square of the deformation, which agrees with the mechanistic model of the elastic half-space being impinged by a conical tip (Sneddon, 1965) , and the reported efforts in assessing the mechanical properties of living cells as such (Radmacher, 1996) .
GETTING MECHANICAL PARAMETERS (RESULTS)
The atomic force microscope permits to monitor the time evolution of the cantilever's force and the cantilever's vertical position at all stages. When the AFM tip is brought into contact with the sample's surface for a definite time 
with τ 1 = η 1 /E 1 and τ 2 = η 2 /E 2 , being E 1 and E 2 the compressive moduli and η 1 , η 2 the viscosities of the first and the second Maxwell element, respectively.
Likewise, if a sudden and constant force is applied on the biomaterial´s surface, and the deformation follows a bi-exponential decay, we obtain:
With x 1 and x 2 being both negative and non-linear functions of the compressive moduli and viscosities (the whole derivation is available in Appendix A): 
DISCUSSION
In order to obtain E 0 , E 1 , E 2 , η 1 and η 2 we assume that the biomaterial´s compression is quick enough and that the shape of the perturbation does not 
where a c is the projection of the actual contact area along the normal direction (i.e., the direction along which the force is applied and measured), Δl 0 is the deformation of the biomaterial in stress relaxation experiments (which is assumed to be constant with time) and l 0 is the biomaterial´s height. Values for a c cannot be directly obtained from AFM experiments and assumptions are frequently made that are valid for perfectly elastic samples and small indentations (Hertz model and derived approaches, (Kuznetsova et al, 2007 ). If we assume that a c is the projected area defined by the surface of the biomaterial being in contact with the pyramidal tip (Mathur et al, 2001 ), the deformed surface follows the tip's shape and it extends along the normal direction. In this case, the projected area is 
CONCLUSION
In this work we show how to apply the atomic force microscope to perform stress relaxation and creep compliance measurements on living cells. We also propose a derivation of the mechanical properties of the studied biomaterial using these type of experiments. In this way, the relaxation time, the elastic moduli and the viscosity can be obtained using Zener´s model. Radmacher, M., Fritz, M., Kacher, C. M., Cleveland, J. P., Hansma, P. K., 1996.
Measuring the viscoelastic properties of human platelets with the atomic force microscope. Biophysical Journal 70, 556-567.
Riande, E., Diaz-Calleja, R., Prolongo, M. G., Masegosa, R. M., Salom, C., Differentiating twice equation (2a), and taking into account equation (1a), we obtain the following three equations 
. Thus the general solution to equation (9) 
To obtain the coefficients E 0 , E 1 , E 2 , η 1 , η 2 and η 3 from the experimental coefficients A 0 , τ 1 , τ 2 , C 0 , x 1 and x 2 , we assume we know σ 0 and ε 0 . E 0 is thus easily obtained as
We can in turn get the value of r 0 from its definition and E 0 , Knowing r 0 , we can obtain r 1 and r 2 in terms of x 1 , x 2 and r 0 by multiplying the 
